. The paper was rejected roughly a year later due to scope and collection issues. I revisited the paper in 2007 with an eye to updating and resubmitting with additional data but the project was triaged from the publication pipeline due to the work involved relative to other projects more relevant to my research interests at the time. The current preprint paper contains updated references on occipital bone sexual dimorphism-all limited to the condylar region rather than the full suite of variation in the region.
Introduction
The occipital lobe of the brain houses both the vision center and the area that controls voluntary skeletal movement (cerebellum). The evolutionary significance of the occipital lobe to both vision and bipedalism is corollary to the functional significance of the occipital bone. In fact, the heavy buttressing of the bone serves as both protection for the vision center and cerebellum as well as an attachment site for major neck muscles. As such, structural components of the bone may be sexually dimorphic in expression of various traits. Metric and nonmetric traits of the occipital are not typically reported although some attempts at standardization have been made (Golekon and Turgut, 2003; Olivier, 1969) . Rather, features such as the external occipital protuberance (EOP) and muscular development are nominally described or rankordered. In addition, morphometric analyses of the condylar region have been conducted for clinical purposes (Naderi et al., 2005; Saluja et al., 2016) .
Previous studies on sexual dimorphism in the human occipital region focused on radiographic analyses of selected features (Golekon and Turgut, 2003; Hsiao et al., Lui, 1996) , biomechanical analysis of spinal rotation relative to the condylar region (Chancey et al., 2007) , and morphometric studies of the basal occipital region in cadavers (Kumar and Nagar, 2014; Varsha et al., 2017) , study collections (Holland, 1986; Macaluso, 2011; Wescott and MooreJansen, 2001) , and archaeological populations (Gapert et al., 2008 ; all find limited utility in metric sex identification using discriminant function analyses and recommend application of metric sex identification only in the case of a fragmented cranial base with no other methods available. Only one paper reports reliable metric identification but their data were collected using three-dimensional computed tomography-not a commonly available forensic or bioarchaeological tool (Uysal et al, 2005) . The analysis of sexual dimorphism for the current study is more comprehensive in the use of endocranial and ectocranial metric and non-metric traits of the occipital region, not limited to the condylar area.
Materials and Methods
The data for this study were collected from 39 well-preserved occipital bones of adults from the Windover site, a prehistoric Florida mortuary pond that dates from 8000 to 6000 BP. Skeletal materials are unusually well preserved due to the anaerobic environment of the bog in which they were deposited. Population demography is well balanced between the sexes, and individual ages range from infancy to 65+ (Purdy, 1991) . The Windover population were foodforagers and likely engaged in gender-based divisions of labor which emphasized short bursts of intense activity for males and repetitive endurance activity in females. This differentiation of labor generally induces sexually dimorphic traits.
Ectocranial metric features consist of two measurements: depth of EOP and distance between the lambda and inion (LI). White (1991) locates the EOP on the ectocranial midline at the intersection between the occipital and nuchal planes. Olivier (1969) more specifically locates it on the inferior or superior nuchal line. Using Olivier's location, the EOP was measured for depth at the inion, or center of the EOP. LI distance is measured from the inion to the point where the lambdoidal suture meets the sagittal suture, the lambda (White, 1991; Olivier, 1969) . Ectocranial nometrics also use standard landmarks of the skull (White, 1991) and include the presence or absence of a nuchal crest and number of associated nuchal lines. The general form of the EOP is based on Olivier's classification of lateral skull shape (Olivier, 1969) : flat, round, protuberant, or modified.
Endocranial features again use standard landmarks of the human skull (White, 1991) and were entirely non-metric. The location of the occipital or superior sagittal sulcus, which joins the transverse sinus and serves as the major vehicle of blood drainage from the brain to the body, was scored relative to the cruciform eminence as right, left, or indeterminate. Cases were indeterminate when the sulcus was only faintly expressed, not clearly discernible as the sulcus, or appeared as accessory to the cruciform eminence. The internal occipital protuberance (IOP), lying at the center of the endocranial cruciform eminence, was located relative to the EOP as either above, below, or concurrent.
All metric traits were measured with an electronic sliding caliber, with an average of three measurements to assess intra-observer error. Nonmetric data are rank-ordered and also an average of three observations. Discriminant function coefficients were calculated for the sample to test the utility of the proposed method of sex estimation.
Results and Discussion Basic descriptive statistics suggest that certain traits might be more dimorphic than others (Table 1) . Females tend to exhibit greater variation around the mean than males in the expression of four of the seven traits: depth of EOP, LI, nuchal crest, and general form. This greater variation in females may cause an incorrect estimation where traits overlap with males.
The IOP values for males and females are roughly equal. The general form of the occipital bone for both sexes was round. This is surprising as the male expression of this trait is expected to be protuberant due to more rigorous muscle attachments. Interestingly and contrary to the greater variation exhibited more frequently by females, the sinus sulcus has a consistent expression to the right side in females (67% versus 14% to the left) while expression in males is evenly distributed ( Table 2) .
Using SPSS, discriminant analysis of metric and nonmetric variables successfully grouped 90% of all individuals. Cross-validated results, however, grouped only 64% of the cases successfully (Table 3) -these results are similar to other studies using discriminate function on the occipital basal region (Holland 1986; Gapert et al, 2008; Macaluso, 2011; Uysal et al, 2005 ; Wescott and Moore-Jansen, 2001). The cross-validated classification results indicate the general efficacy of the function outside the data from which it was developed. Therefore, with regard to the cross-validated classification results, the proposed method was not useful for this sample. Coefficients with the heaviest weighting, and, therefore, most contributive to the model were depth of sinus sulcus, EOP, nuchal crest, and LI.
A post-hoc test of variation was conducted to determine if an unidentified factor, such as age or environmental stress, affected results. Data was explored with a univariate analysis of variance. Results indicate that only 41% of the variance is explained by sexually dimorphic variables (Table 5 ). The other 59% must be explained by other factors. Based on the findings of previous studies on aging in the occipital bone (Wescott and Moore-Jansen, 2001; Tocheri and Molto, 2002; Cool, Hendrikz, and Wood, 1995) , age seems an unlikely confounding factor.
The primary other factor that might explain variation in the variables is changing humanenvironment interactions that resulted from a new adaptation to the environment. During the late Archaic period in Florida prehistory, the environment was transforming due to climate changemega fauna were becoming extinct, the coastline was stabilizing, and the southern pine forest was advancing (Powell, 1995; Milanich and Fairbanks, 1980) . In fact, dietary analysis of the group associated with the Windover site suggests the environment forced a change in adaptation, evidenced by a marine-based diet with a heavy reliance on saltwater shellfish (Powell, 1995) . The limitations of diet and environmental pressure suggest that resources were extremely limited; indeed, the population experience high prevalence of nutritional deficiency markers (dental enamel hypoplasias) suggesting higher levels of biological stress during development (Berbesque and Doran, 2008) . Typically, chronic environmental stress not only hinders growth and development in subadults but also reduces adult sexual dimorphism. Conclusion The confounding factor to high confidence in sex identification via metric methods might be the environmental effects of the Archaic period that created a larger range of overlap between males and unusually robust females. The promise of this method, and, by association, the dimorphism of the occipital bone, is supported by previous radiographic studies of cephalometric (Hsiao et al., 1996) 3DCT metric data (Uysal et al., 2005 ) that used discriminant analysis to successfully group individuals. The proposed method suggested for estimating sexual dimorphism in the occipital bone, therefore, shows promise but further studies are recommended to explore the data and attempt to account for the potentially confounding factor of environmental pressure. 
